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Abstract

Soils at five New York sitesof a nitrogenfertilization study in second-growthmixed deciduousforestswere
sampledto determinethefateof appliedN andpossibleadversechemicalchangesfrom its application.Organic
layerandmineralsoil (0—10 cm) sampleswere collected 10 or 11 yearsafter the initial application from plots
receivinga totalof 0, 672 and 1344kg-N ha~-1 in two equal-sizedapplications5 yearsapart.Nitrogenwasapplied
asammoniumnitrate,exceptthefirst applicationat onelocation was urea.Treatmentshad little effect on theN
andC poolsof the forestfloor andsurfacesoil, indicatingno appreciableretentionof addedN in the uppersoil.
Concentrationandmassof cationsin the mineralsoil decreasedwith addedN, as did pH, in accordwith an
hypothesisofnitrateleaching.Theestimatedlossof basecationswasmodest(12.4kmol( +) ha—1) relativetothe
anionsaddedin thehighestsingleapplicationofN (24 kmol ( —) ha—‘). Onsuchsoils,N addedin excessof plant
uptakecapacityis not immobilized by long-termstoragein soil organicmatterdespiteits wide C:N ratio. The
reductioninpH entailsa lossof effectivecationexchangecapacityin additionto theassociatedlossof baserations.

Keywords:Nitrogen;Fertilization; Secondgrowth; Soil

I. Introduction

Forestecosystemsareconsideredto conserve
nutrients,cycling them tightly within andbe-
tween soil andvegetation(SwitzerandNelson,
1972; HendersonandHarris, 1975;Ulrich, 1976;
StoneandKszystyniak. 1977). Recoveryof ap-
plied fertilizer N by the forest overstory,how-
ever, appearslow. Tracerstudieswith conifers

‘Contribution from theNewYork StateAgriculturalExperi-
mentStation.SoilCropandAtmosphericSciencesPaperNo.
1751.
Correspondingauthor.

indicateno morethan23% recoveryin the first
year following treatment (Bjorkman et al.,
1967), although actual plant uptake may be
underestimatedby tracerexperiments.Plantson
thewholearepoor competitorswith soil hetero-
trophsfor addedN (Jansson,1958). Further,
addednitrate is subject to immediateleaching
unlessabsorbedby plant roots or incorporated
into microbial tissue (Cole andGessel, 1965;

Overrein,1971a,b). Otherstudieshaveshown
that evenwhenthe N source is an ammoniwn
salt, recoveryof ‘5N generallywill be no greater
than 50% for the ecosystemas awhole (Mead
andPritchett, 1975a,b; Johnson,1992). Nitro-

0378-1127/94/$07.00© 1994ElsevierScienceBy. All rightsreserved
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gen absorbedby plants and immobilized into
microbial tissue is returnedto the generalpool
of soilN overtheyears.Exceptin extremelyacid
soils, excessNH4-N will nitrify, increasingni-
tratelevelson fertilized plots, andthusextend-
ing the potentialfor leachingbeyondthe imme-
diateposttreatmentperiod.

Our studiesof increasingratesof fertilizer N
appliedto naturalsecond-growthstandsin New
York (5tanturfet al., 1989) revealedonly small

(5) Randomvariability wouldbetoo highfor
anychangesto bedistinguished.

If muchof theaddedN wasleachedas theni-
trateion (a consequenceof hypothesis(4)), the
contentof basic cationswould havedecreased
and the pH lowered as has been well demon-
stratedbothby lysimeterstudies(Raney, 1960;
Terman,1977)andin forests(Broadfoot,1966;
Van MiegroetandCole, 1984).

___ ~r~wtWrt,c~n~cs gf~1zh~t’. ‘ch (P7i44*~
americanaL.) andblackcherry (Prunussero-
tina Ehrh.)atfourlocations,andof sugarmaple
(Acer saccharumMarsh.) at seven locations.
Theseresultscontrastedwith significantgrowth
increasesof the samespecieselsewherein the
state(Mitchell andChandler,1939).

The lack of detectableresponsesraisedques-
tions about the fate of the appliedN aswell as
the possibilityof adversechemicalchangesas-
sociatedwith its application.A major concern
waswhetheradditionof fertilizer N hadaltered
thelargepoo1of N andCrepresentedby thefor-
est floor andsurfacesoil OM. The possibleef-
fectsmaybestatedas five hypotheses.

(1) Thetotalmassof N would increaseeither
as a resultof immobilizationof addedN in the
organicmatteror throughgreaterlitter crop. In-
creasedpercentageof N in litter from fertilized
trees (Tamm, 1971; Miller et al., 1976) would
increasesoil Nmass.Any increaseshouldbe de-
tectablein either the organiclayeror the upper
mineralsoil, or thetwo layerscombined.

(2) TheOM massof theorganiclayeror min-
eralsoilwouldeitherincreaseasaresultofgreater
productivity and litter return, or decreasebe-
causeof more rapid decomposition(Safford,
1974).If themassof theorganiclayerincreased
but thatof the mineralsoil decreased,thecom-
binedtotalmightremainunchanged.

(3) TheN concentrationoftheorganicmatter
would increase(i.e. C:N decrease)as a resultof
immobilization of fertilizerN. This mightbein-
dependentof changesin totalmassof eitherOM
or N but not both. Again, effectscouldbediffer-
entin thetwo soil layers.

(4) Therewouldbeno net retentionof added
N in the organiclayeror uppermineralsoil.

2. Materialsandmethods

2.1. Experimentallocations

Fourof theoriginal sevenlocationswerecho-
senfor intensivesoil samplingbecausetheyhad
receivedthe full rangeof applicationratesand
werewell distributedgeographically(Fig. 1). No
sampleshadbeentakenprior to fertilizer treat-
ment, thus comparisonsbetweencontrol and
fertilized plots 10—11 years after initial treat-
mentassumethatall plotsat a locationwerefrom
the samepretreatmentpopulation.

Completedescriptionsof the standsaregiven
elsewhere(Stanturf, 1983; StanturfandStone,
1985; Stanturfet al., 1989). An importantfea-
ture is that all standswere essentiallyundis-
turbedfor 45 years,exceptfor non-commercial
andsomelight commercialthinning. Elevations
of thestandsrangedfrom 292 to 692 m, andav-
erageannualprecipitationwasfrom 890to 1151
mm.

The soils were typical of the better northern
hardwoodforestsites.All weredevelopedin gla-
cial till derived from sedimentaryrocks, al-
thoughthe Cattaraugussiteswere at thesouth-
ernlimit of glacial expansionandsoils thereare
consideredto be developingin residuum(un-
transportedparentmaterial).Thesoil seriesand
taxonomic classification at each of the four
follow.

Chenango:Bathsilt loam,well-drainedcoarse-
loamy, mixed, mesicTypic Fragiochrepts.Anal-
ysesofaprofile from an unfertilizedarea(Table
1) illustratesthe strongacidity andconcentra-
tion of exchangeablebasesin the uppermost
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Fig. 1. Mapof NewYork showingthestudylocations.

mineral layer.The othersoil seriesdo not differ
greatlyin theserespects(Table2).

ConnecticutHill: Mardin silt loam, moder-
ately well-drained, coarse-loamy,mixed, mesic
Typic Fragiochreptsassociatedwith the Bath
series.

Cayuga:Langfordchannerysilt loam,moder-
ately well-drained fine-loamy, mixed, mesic
AquepticFragiudalfs.

Cattaraugus:Theexperimentalplotshadbeen
establishedalongaboundarybetweentwo slope
positions.Subsequentstudy by the Soil Conser-
vationServiceandthe seniorauthorestablished
the presenceof two series:Gilpin channerysilt
loam on theupperslopeandRaynesilt loam on
the lower. Both are fine-loamy, mixed mesic
Typic Hapludultsbut Gilpin is shallowerto the
fracturedbedrock.Forconvenience,plotson the
two soils are discussedas separatelocations,
makingatotal of five experimentalsites.

2.2. Experimentaldesign

Fertilizer treatmentsweretwo applicationsof
N, 0, 336 and 672 kg hat N, addedas ammo-
mumnitrate (exceptthatthefirst applicationat

ConnecticutHill wasurea)5 yearsapart,giving
totaladditionsof0, 672 and1344kgNha’. The
first applicationsweremadebetweenApril and
August,thesecondin April andMay.

At four locations,the measurementplotswere
either0.04or 0.06 ha in areawith 2.25 to 3.0m
wide treatedbordersanda 3—10 m separation
betweengrossplots. Becausethe Cayugastand
containednumerouslargertreesup to 40 cmdbh,
themeasurementplotswere0.16 hain area,with
1.2 m widetreatedbordersand10 m separations
betweengrossplots.

For the presentstudy, soil sampleswere col-
lectedfrom 26 plots, either 10 or 11 yearsafter
thefirst N application.Thisnumberincludestwo
replicationsper treatmentat eachlocation plus
two extracontrolsatChenango.At Cattaraugus,
onecontrol andone 1344kg ha—1 plot occurred
on theRaynesoil, with the remainingfour plots
on theGilpin soil.

Ten subsamplingpoints were randomly lo-
catedin eachplot accordingto a samplingpro-
tocol designedto minimizenaturalvariabilitynot
associatedwith treatments.Treefall pits and
moundswereavoidedaswererottenwoodin the

~HENAN6O

RAYNE

NEW YORK
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Table I
Chemicalcharacteristicsof the Bashchannerysilt loam profileat theChenangolocation

Layer Horizon OM N pH Ex. H Extractable
(cm) (%) (%) (mgkg-’)

P K Ca

(mgkg’)

Mg

3—0 02 51 1.5 3.9
0—8 A1 42 1.2 3.6 55 28
8—13 A2 4 0.2 3.5 18 1

13—15 ~ ti 0.5 3.7 St
15—33 ~ 6 0.2 4.4 43 1
33—48 B21 4 0.1 4.7 26 1
48—79 B22 2 0.1 4.9 14 1

315 850
50 200
45 180
20 40
13 10
20 10

215
38
40

8
5
3

Table2
Chemicalcharacteristicsof organiclayersandmneralsoil of thecontrolpiots-aceachiocation

Variable Cattaruagus Cattaraugus Connecticut
Gilpin Rayne Hill

Organiclayer
OM (0/0) 40.5 51.3 35.5
N (%) 1.51 1.30 0.95
OM (Mg ha—

1) 25.8 27.2 27.8
N(kgha—’) 978 696 755
N/OM% 3.86 2.60 2.71
pH 4.01 3.72 4.56

Chenango Cayuga

51.8
1.47

32.1
898

2.87
3.93

21.2
0.69

34.8
1101

3.44
4.03

Mineral soil (0—10 cm)
OM (%) 7.8 7.3 7.9
N (0/0) 0.30 0.21 0.31
OM (Mg ha—1) 48.9 46.0 55.7
N(kgha’) 1889 1282 2156
N/OM% 3.85 2.81 3.88
pH 4.11 3.89 4.68
ExchH (cmolkg’) 28.2 25.6 24.2
Extr. P (mgkg—1) 12.6 9.4 6.2
Extr.K(mgkg’) 52 34 79
Extr.Mg(mgkg1) 14 15 53
Extr.Ca(mgkg—1) 70 66 450
P (kgha’) 7.8 5.9 4.3
K(kgha—1) 33 22 S6
Mg(kgha’) 9 10 38
Ca(kgha—1) 44 42 322

13.3
0.42

69.4
2189

3.16
4.14

38.4
1.3

59
33

178
0.7

31
17
96

12.5
0.38

69.5
2132

3.05
4.46

29.7
2.1

63
57

554
1.2

3S
31

305

Combined soila
OM(Mgha—’) 74.6 73.2 83.5
N (Mg ha—1) 2.87 1.98 2.91

100.S
3.09

104.3
3.23

268

aValuesmaydiffer from sumofcomponentsowingto averagingandroun&offerror~



JA. StanturfEL. Stone/ ForestEcologyandManagement65(1994)265—277 269

forest floor, large roots, and sites of obvious
disturbance.

At eachsubsamplingpoint, a 19.8 cm diame-
tersamplewastakenofthe surfaceorganiclayer,
definedto be the F+H+A11 horizons.Within
thissamplearea,five 4.5cm diametercoreswere
taken to a depth of 10 cmand composited to rep-
resentthe uppermineral soil. Bulk densitywas
determinedforeachsubsampleasthedry weight
of soil from this known volume,correctedfor

fro nt.,antc’ l~nllr R0~ etxr rn 1~~~0A from 0.49
to 0.95 Mg in-

3. Thusanyerrorsor discrepan-
cies in separatingthe layersdo not greatlyaffect
the sum of the two subsamples.Most organic
layers were A

11 material,with a thin F layer.
Mineralsoil samplesweremostlyA12 andupper
B horizons.Freshlitterwasdiscarded;generally,
little was presentbecauseof its rapid incorpora-
tion into the F orA11. A total of 520 subsamples,
260 of each depth, were taken and analyzed
individually.

2.3. Laboratory procedures

All sampleswereair dried.Organiclayersub-
sampleswereweighedandgroundin a hammer-
mill. Mineral soil subsampleswerecrushedand
sieved to separatethe smallerthan2 mm frac-
tion from thecoarsefragments(~ 2 mm). Each
fractionwasweighed;onlythefine earthfraction
wasanalyzed.

Organicmattermassof the organiclayerwas
determinedby loss on ignition in amuffle fur-
nace(12—24hat 480

0C),correctedfor moisture
content.Organicmatterpercentageof the min-
eral soil was determinedsimilarly, eventhough
loss of structuralwaterresultsin someoveresti-
mate(Ball, 1964).Suchoverestimationis small
relativeto the organiccontent(Table2), how-
ever, and, moreover,would not appreciablyaf-
fect differencesbetweentreatmentsat the same
location.

TotalN of all (organiclayerandmineralsoil)
subsampleswas determinedby the Kjeldahl
method.The 260 mineralsoil subsampleswere
analyzedfor cationsandH~ by theDepartment
of Agronomy Soil Testing Laboratory using
methods describedby Greweling and Peech

(1965). Readily extractable Ca, Mg, K and P
were extracted using acetic acid—sodium acetate
(Morgan’s Solution) at pH 4.8. Exchangeable H
wasextractedusingBaCl

2-triethanolamine.The
pH of mineralsoil subsampleswas measuredat
1:1 soil: waterratio,anda 1:10ratio wasusedfor
organiclayersubsamples.

All concentrationdatawereconvertedto mass
perunit area,correctingfor thecoarsefragment
contentof the mineralsoil. Adding the respec-
t,x,c, t,,ncc,ac nf nrnamr. n,.,ttar onA NT nf thc, nr

~AJQtO~.---i1-~-5-iflt,tAtO. Lana ASt~L~.3Z-tj •UA~5%AS 1 1.1 Vt. AflUOOt.O .JI .J15a,t,t. Ititttt.i alitL .i’V ~.Ji t1At.~ t’i

ganiclayerandmineralsoil (to 10 cm) subsam-
ples gave ‘combined soil’ values.

Nitrogenwasexpressedas a percentageof or-
ganicmatter (N/OM%), usingindividual sub-
samplemassesof OM andN. This was usedin-
steadof a C:N ratio inasmuchas the standard
factor of 1.724overestimatesorganiccarbonin
these materials (Lunt, 1931; Ball, 1964; How-
ard, 1965; Ranney, 1969; Schlesinger, 1977).

In order to estimatecationexchangecapacity,
exchangeable cations were estimated from the
extractable values using the regression equations
developed by Stone (1975) and Young (1981)
for similar soils. Cation exchange capacity was
estimated from the sum of cations, adjusted as
above, plus exchange acidity.

2.4. Statistical analysis

Mean plot values for the 16 soil parameters
from three locations, Connecticut Hill, Chen-
ango and Cayuga,werecomparedby ANOVA in
a two-way classification (locations by fertilizer
level). Combining the locations allowed infer-
ences about the larger population of second-
growth stands in the ‘Southern Tier’ of NewYork
counties (Snedecor and Cochran, 1967). This
combined analysis excluded the two Cattaraugus
soils (Gilpin and Rayne) because of the com-
putational difficulties attendant with the result-
ing unbalanced design. At the Chenango loca-
tion, the four controlplotswereaveragedinto two
by combiningthe respectivevaluesfor the two
higherbasalareaplots, andthetwo lower basal
area plots. Comparisons between treatment
meanswere madeusing orthogonallinear con-
trasts(Allen andCady,1982).
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Meanvaluesfor soil variablesatthefive sites, 3.2.Mineral soilandcombinedsoil
regardlessof treatmentlevel,werecomparedus-
ing ANOVA and the WaIler—Duncank-ratio t Theorganicmattermassofthe uppermineral
test.Not surprisingly,the effect of locationwas soil rangedfrom 46 to 70 Mg ha’, regardlessof
significantfor mostsoil parameters. sitesor treatment(Fig. 2(a)). Averagemassof

Soil variableswerecomparedatthefive exper- N in the mineralsoil of the control plotswasre-
imental sitesindividually (treatingthetwo Cat- markablysimilar at all locations,from 1889 to
taraugussoils separately),usingANOVA for a 2189 kg ha—1 exceptingthe Cattaraugus-Rayne
completelyrandomizeddesignwith nestedclas- sitewith only 1282 kg ha—’ (Table2). ANOVA
sification (Fryer, 1966; SnedecorandCochran, for thecombinedlocationsyieldedno significant
1967),althoughtheseresultsarenot presented. diffei~in.~e~in organicmatterpercentageor ~
Direct examinationof the variability in soil norN percentageor mass,norin N/OM% (Ta-
propertieswithin locationswasmadepossibleby ble 3).Thiswasalsotrue for organicmatterand
keepingthe subsamplesseparate. N massesof the combinedsoil layers (Table3).

Aswasfoundwith theorganiclayer,thelowest
values for organic matter mass were at the two
Cattaraugus locations, which increasedwith ad-

3. Results ditions of fertilizer N. Only at Connecticut Hilldid total Ncontent increase with treatment and
then not significantly (Fig. 2(b)). Although the

3.1. Organic layer mineral soil values of N/OM% appearto de-
creasewith increasingadditionsof N fertilizer
(Fig. 3), therewere no statistically significant

Meanorganicmattermassofthecontrolsdif- differences for any of the sites analyzed
fered little over the five sites, ranging from 25.8 individually.
to 34.8 Mg ha—’ (Table 2). Similarly, mean N Both concentration and mass of extractable K,
contents varied only moderately from 696 to Mg and Ca in the mineral soil decreased with
1101 kg ha—’ (Table 2). The heavy application added N (Table 3). Estimates of significant de-
of fertilizer Nhad no significant effect on either creases from control plots values (Table 4) in-
organic matter or Nmass. In both of the Cattar- dicate the reduction in extractable K, Mgand Ca
augus soils, however,organic matter mass in- associatedwith theN additionsto be 11%, 45%
creased with treatment whereas N mass in- and 54%, respectively. Deviations of individual
creased in one soil and decreased in the other N-treated plots from their respective control
(Figs. 2(a) and (b)). means are represented in Fig. 4. In accord with

Contraryto expectations,N asa percentageof the decreasein extractablecations,pH alsode-
organic matter decreasedsignificantly with creasedsignificantly as a result of addedN (Ta-
treatment (Table 3). Figure 3 reveals no consis- ble 3).
tent pattern. Cattaraugus-Gilpin and Cayuga de- Analyses of treatmenteffectson extractableP
creased to the 672 kg ha’ level whereas Cattar- are confounded by inexplicably high values at
augus-Rayne, Connecticut Hill and Chenango Cattaraugus and Connecticut Hill. The range of
increased, with only the latter increase being sig- P values for individual subsamples at Cattarau-
nificant. Thereafter N/OM%values at all loca- gus and Connecticut Hill precludes analytical er-
tions decreased at the 1344 kg ha—’ level. ror as an explanation. In any case, suspect sam-

Although pH of the organic layer appeared to ples were reanalyzed with the same results.
decline with increasing N, this was significant Neither location is a known or likely spot for In-
only at Connecticut Hill. At Cayuga, pH was dian fields. Surrounding farmlands were agricul-
higher on the N-treated plots although not signif- turally abandoned from before P fertilization
icantly so. came into common practice, so contamination
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li~ 2. Theeffectof addedN on soil organicmatterandN content(Mg ha—’). (a) Organicmatter(OM) mass; (b) N mass.
Arrows indicatelow valuesthatbelongwith thefamily of curvesabove.)

torn dust is equally unlikely. The Cattaraugus
tion, however,is within therecordedextent

d~ largepassengerpigeon (Ectopistesmigrato-
“us L) nesting in 1823 (Schorger, 1955). The
hr ding colonystretchedfor 30 milesfrom the
All h ny River northward, with an average
width of six miles.The high soil P levelsmight

r ~sidualfrom heavydung accumulationsre-
tied in suchnestingareas.
Whatevertheexplanationforthe higherP 1ev-

I I Callaraugusand ConnecticutHill, there
.r no Consistenttrendswith treatment.The

t~oi~blc reature is that N response of the overs-
t mid not havebeenlimited by lackofavail-

• I I’ in these stands.

The fifth hypothesispostulatedat the begin-
ningofthestudy(i.e. variability too highforany
conclusion)can be dismissed.Variability was
indeedhigh both within andbetweenreplicate
plots but was controlled to some degree.The
coefficientsof variation within location ranged
from 11 to 24% for total N massand 12 to 24%
for organic matter mass above the 10 cm depth.

Further,no evidencesupportshypothesesnos
(1) and(2), thataddedN alteredthetotal con-
tentsof N or organicmatterwithin themostac-
tive soil layers (Table 3, Figs. 2(a) and (b)).
Likewise, hypothesis no. (3), increased N/OM%,
cannotbe sustained(Table 3, Fig. 3). Rather,
N/OM% of themineralsoil tendedto decrease

120—
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60 -
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Table3
ANOVA for soil propertiesfrom thecombinedlocationsexclusiveof CattaraugusGilpin andRayne

Variable Effect4 Contrast R2

Location Treatments Linear1 Quadratic1

Organiclayer
OM (%) 4* NS 1.12 0.95 0.79
N (0/0) NS 1.16 0.52 0.88
OM MASS NS NS 0.07 —0.42 0.14
NMASS * NS 0 —1.73 0.49
N/OM% * 5•44* —0.97 ~3~j5*4 0.73
pH * NS —0.32 0.22 U.4i

Mineralsoil
OM (%)
N (%)
OM (MASS)
N (MASS)
N/OM%
pH
Exch.H (CONC)
Extr. P (CONC)
Extr. K (CONC)
Extr. Mg (CONC.)
Extr.Ca (CONC.)
P (MASS)
K (MASS)
Mg (MASS)
Ca (MASS)

Combinedsoil
OM (MASS)
N (MASS)

NS
NS

NS

NS
NS

NS
NS
NS
NS
NS

7.76~
NS
NS

3.76
10.36*
3.85~

NS
NS
9.76k
4.18*

NS
NS

0.21
0.02
0.39
0.15

—0.91
—3.91

1.52
1.97

—2.63~
— 4~44**
— 2.77w

2.08
—1.90
~4354*
—2.89

0.34
0.16

1.18
1.05
0.77
0.63
0.13
0.50
1.16
0.12
0.77
1.02
0.20

—0.75
—0.29

0.77
0.13

0.47
—0.40

0.77
0.44
0.13
0.36
0.91
0.74
0.83
0.91
0.56
0.68
0.59

0.94

0.74
0.64

0.21
0.08

*Significantat P=0.05 level (4) orp=0.01level (**)~

bF valueswith (2,13)df.
Cl valueswith 13 df.

MASS, Massha—’;CONC.,concentration,asin Table2.

with treatment,althoughthe changewasnot sta-
tistically significant.

With variability accountingfor lessthan25%
of Nappliedatthe 1344kg ~rate,hypothesis
no. (4),nonetretentionof addedNin theupper
soil, is mostnearlysustained.

4. Discussion

Thefive sitesanalyzeddo not differ greatlyin
anymeasuredproperty.The total massesof or-
ganicmatterandN abovethe10 cmdepthrange

from 75 to 105 Mg ha’, andfrom 2.8 to 3.35
Mg ha’, respectively.Theforeststandsatthese
locations, while differing somewhatin species
composition, were typical northern hardwoods of
comparable size and diameter distribution (21—
63 cmdbh).Essentiallyundisturbedfor 45 years
prior totreatment,organicmatterandN returns
in litter wereprobablysimilarandrelativelysta-
ble (Miller, 1981).

The Cattaraugus-Raynesite had the lowest
mineralsoil organicmatter contentandlowest
N/OM% of the five sites,andwas the only one
that appearedto accumulateN as a result of
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LEGEND
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— —x conn. Hill
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A— - —A Cayuga

ORGANIC LAYER

+

tion of addedN in the upper soil rejected,and
variability accountingfor less than 25% of the
1344kg ha—’ total applicationof N, an evident
questionisthefate of theremainder.Somefrac-
tion maybesequesteredby thestandbiomassal-
thoughthisis not apparentin eitherorganiclayer
composition (Table 3) or growth response
(StanturfandStone,1985; Stanturfetal., 1989).

Lossthroughvolatilizationof NH3 from these
strongly acid soils (Tables 1 and2) seemsim-

- .7 N orobable~ followin2 ~ ~
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lijt. 3. Nitrogenasapercentageoforganicmatter(N/OM%)

ma ~(Mg ~ oftheorganiclayerandthemineralsoil.

It Iment. Charredchestnut(Casteneadentata
Marsh.) Borkh.) stumpsin the plots indicate

(lInt this site wasburnedby wildfire, beforethe
origin of the presentstand.A casecanbemade

h&o the better drainedRaynesoil supporteda
‘u r fire in adry autumnthanoccurredon the

a ~iatedCattaraugus-Gilpinsoil, and so lost
ni r of its N pool.

Aher ci al. (1993) studiedN-additionsto
n Ihern hardwoodsandattributedhigh N-re-
~rntioncapacityin their standsto sequestration
an oil organicmatter.Manyof thestandsatthe
II r ard Forest (Massachusetts)where they
* kcd developedon old fields or pastureand
hk I weremoreN-limited thanourstands.

W:th hypothesesof significant immobiliza-

cationof ureaat theConnecticutHill site. Im-
mobilizationbelowthe 10 cm depthof mineral
soil followingleachingorothertransferfrom the
surfacemust be admittedas a possibility, al-
thoughunconvincingin view of theunalteredN/
OM% in the surfacesoil.

Denitrificationoffers anobviouslosspathway
notablyduring the periodic occurrenceof satu-
ratedsoil or perchedwatertablesabovethe fra-
gipanscharacteristicof thesesoils (Fritton and
Olson, 1972).RobertsonandTiedje (1984)re-
porteddenitrification rates from 2 to 12 kg-N
ha-’ month-’ in certainhardwoodstandsin
Michigan.The acceptedvaluefor this difficult-
to-measureflux is generallylessthan 1 kg ha—’
year—

1 in undisturbed stands (Gundersen,
1991).

Whetheror not followed by dentrification,ni-
trification of NH

4 andnitrateleachingemergeas
themostlikely fatesof N addedin excessof plant
uptake.Severalstudieshaveshownrapidmove-
ment of NH4 andNO3 throughthe forest floor
following fertilization, though without much
leaching beyond the rooting zone (Cole and
Gessel,1965; Overrein, 1971a,b; 1972; Mead
andPritchett, 1 975a,b), presumablyresulting
from uptakeby plants andmicrobes.Theeffec-
tivenessof nitrificationevenin stronglyacid for-
est soilshasbeenwell demonstrated(Bollen and
Lu, 1968; Likens et al., 1977). Nitrification
wouldbefavoredby theelevatedNH4 levelsfol-
lowing applicationof ammoniumnitrate (Wol-
lum andDavey, 1975).

Fertilizertrials andstudieswith N-fixing spe-
cieshaveshownelevatednitratelevelsin soil so-
lution (Van Miegroetand Cole, 1984; Johnson
andTodd, 1988; Tschaplinskiet al., 1991) and

4.0

3.5
r
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Fig. 4. Sumoftheexchangeablecations(Ca+ Mg) on thefertilizedplotsascomparedwith themeanvaluesfor thecontrolplots
ateachlocation(cmol(+) kg—1).

leachingof cations.Johnson(1992) concluded
thatsingleapplicationsof largedosesof fertilizer
to N-deficient ecosystemswould causeless ni-
trateleachingthanfrequentsmallinputs,suchas
from pollutant loading,becausethelattermore
likely would favor the build-up of nitrifier
populations.

Lowered concentrationsand massesof ex-
tractableK, Mg andCa in the N-treatedplots
concurwith the hypothesisof nitrate leaching.
Although the effect of treatment on pH of the
forestfloor was not consistent,pH ofthemineral
soil declinedsignificantlywith addedN, further
supportingthe leachinghypothesis.Broadfoot
(1966) notedthat exchangeableK contentde-
creasedwithannualapplicationsofN to ayoung

bottomlandhardwoodstandon aSharkeyclay
soil. Van MiegroetandCole(1984)reportedthat
leachingwas selective,with Ca beingthe major
cationlost,followed by Mg andK, eventhough
proportionallymoreMg thanK was leachedrel-
ativeto their exchangeablepools. Wealsofound
suchselectivity,with 45% of the extractableMg
poolleached,ascomparedwith 10%of theK pool
(Table4).

The estimatedlossofbasecationswas modest
relativeto the amountof N added.The highest
singleapplicationof N (672kg ha—’) provided
far more anions (24 kmol(—) ha—’) than
neededto balancetheestimatedmeanlossofbase
cations,12.4 kmol(+) ha’. Initial loss ofbase
cationsfrom the forest floor, andpossiblyfrom

LEGEND 672 1344
kg ha1

cattaraugus0
Chenango E U
conn. Hill V V
cayuga A A
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Table4
l~stimatesof significantdifferencesfrom meancontrol plot
valuesof mineralsoil (0—10 cm)characteristicsresultingfrom
treatments;basedon analysisof thecomhinedlocationsex-
clusiveofCattaraugusGilpin andRayne

Variable Control Estimatea Standard
mean error

~i I
Exir. P (nigkg~’
I tr.K(mgkg ‘)

Ixtr, (a 1mgkg ‘)

I’ (kgha I
K tkgha~’)
Mgikgha )
( a(kg ha1I

4.4

3.2
62.9

394.2
2.0

37.6
28.7

241

—0.4
1.2

—6.3

—209.6
0.9

—3.9
—13.0

—129

0.09
0.62
2.39

75.70
0.42
2.03
3.00

44.70

N estimatesarethat amount lessthan control plot
oicao; positiveestimatesarethatamountgreater.

the mineral soil, may have been appreciably
higher than theseestimatesindicate.Returnof
basecations in litter over 5—10 year periods
would havecompensatedsomewhatfor leaching
losses,ahhoughno morethanabout3 kmol( +)
h year’, exclusiveof K circulation (Chan-
dler, 1941;Stone,1975).

Sincethe mineral soil was sampledonly to a
depthof 10 cm it is quite possiblethat cation
leachingcontinuedto greaterdepths.Alterna-
~iv ly, ammoniumnitratein solutioncouldhave
eencarried in rootchannels,throughthe0—10
~mlayer, to reactbelow.If thisoccurred,it would
not havebeenuniform; bothsurfacemicrorelief
andthe handdistributionof fertilizerwouldhave
tutroducedconsiderablevariability. Bothpossi-

ilities suggestthatlossesfrom thesurface10cm
probablyunderestimatedtotal loss. If denitrifi-
( tI ion occurredat depth,however,the basecat-
totis leachedfrom theupperhorizonscouldhave
beenretainedin the landscape,if not within the
prolalefrom which they came.

Although the effect of N additionson the pH
of the surfaceorganiclayerwas not consistent,
id I of the mineral soil declined significantly
(~l able 4). Binkley and Sollins (1990) have
I monstratedthat soil pH may vary without
~ott omitant changes in base cation content when
hffertnt specieslead to different active acidi-

ties. In the presentinstance,however,neither
speciescompositionnor organiccontentof the
upper soil was affectedby treatment.Hencethe
loweredpH is attributableto thelossof basecat-
ionsthroughnitrateleaching.

Most of the cationexchangecapacityof the
forestfloor anduppermineralsoil is pH depen-
dent (Kalisz andStone,1980) thus the reduc-
tion in pH entailsalossin effectivecationreten-
tion in addition to the associatedloss of base

tity of basecationsin theuppermineralsoil, the
greatertheamountlost.At theCattaraugussites,
however,the quantitiesin the controlswere so
low that detectionof lossesthroughfield sam-
pling wasunlikely.

5. Conclusion

Theultimate fateof theaddedfertilizerN can-
not beascertained.It is not in the forestfloor or
upper mineralsoil (0—10 cm),however,nor in
the trees. It seemsclear that on such soils, N
addedin excessof plant uptakecapacityis not
immobilizedby long-termstoragein soilorganic
matterdespitethewideC:N ratio.

Inasmuchasthefive experimentalsitesrepre-
sentwidespreadsoiltypesandstandconditions,
differentapplicationdates,andarelativelylarge
geographicalrangein southernNew York, the
resultsshouldbewidelyapplicablethere.

Acknowledgments

We thankthe NewYork StateDepartmentof
EnvironmentalConservationfor useoflandand
assistancewith installing the original experi-
ment,RussellMcKittrick for installation,Fran-
kie Ramosfor sample analysis,Dr. Foster B.
Cady for adviceon statisticalanalysis,andthe
Soil ConservationService for assistancewith
profile description.Researchpartlysupportedby
Mclntire—Stennisfunds.



276 .J.A. StantuifEL. Stone/ ForestEcologyandManagement65 (1994)265—277

References Johnson,D.W., 1992. Nitrogenretentionin forest soils. J.
Environ.Qual.,21:1—12.

Johnson,D.W. andTodd, D.E.,1988.Nitrogenfertilization
of young yellow-poplarandloblolly pine plantationsat

Aber, J.D.,Magill, A., Boone,R., Melillo, J.M., Steudler,P. differentfrequencies.Soil Sci. Soc.Am. J., 52: 1468—1477.
andBowden,R., 1993.Plantandsoil responsesto chronic Kalisz, P.J.andStone,EL., 1980.Cationexchangecapacity
nitrogenadditionsat theHarvardForest,Massachusetts. of acidforesthumuslayers.SoilSci. Soc.Am. J., 44: 407—
Ecol. AppI., 3:156—166.

Allen, D. andCady,F.B., 1982.AnalyzingExperimentalData
by Regression.Lifetime Learning,Belmont,CA.

Ball, D.F., 1964.Loss-on-ignitionasan estimateof organic
matterandorganiccarbonin non-calcareoussoils.J. Soil Lunt,H.A., 1931.Thecarbon—organicmatterfactorin forest
Sci., 15:84—92 soii humus.Soil Sd., 32. 27—33.Binkley, D. andSollins,P., 1990.Factorsdeterminingdiffer-
encesin soil pH in adjacentconifer and alder—conifer
stands.SoilSci. Sci. Am. J., 54: 1427—1433.

Bjorkman,E.,Lundberg,G. andNommik, H., 1967. Distri-
bution andbalanceof ‘5N labelled fertilizer appliedto
youngpine trees(Pinus sylvestrisL.). Stud.For. Suec.,
48: 1—23.

Bollen, W.B. andLu, K.C., 1968.Nitrogentransformations
in soilsbeneathred alderand conifers. In: J.M. Trappe,
J.F. Franklin,R.F. TarrantandG.M. Hansen(Editors),
Biology of Alder. U.S.,For.Serv.,PacificNorthwestFor.
RangeExp.Stn.,Portland,OR,pp. 141—148.

Broadfoot,W.M., 1966. Five yearsof nitrogenfertilization
in a sweetgum—oakstand.U.S.,For. Serv.,Res.NoteSO-
34.

Chandler,R.F.,1941.Theamountandmineralnutrientcon-
tentof freshlyfallen leaf litter in the hardwoodforestsof
centralNewYork. J.Am. Soc.Agron., 33: 859—871.

Cole,D.W. and Gessel,S.P., 1965. Movementof elements
throughforestsoil asinfluencedby treeremovalandfer-
tilizeradditions,in: C.T. Youngberg(Editor),Forest—Soil
Relationshipsin North America. OregonStateUniver-
sity, Corvallis,OR, pp. 95—104.

Fritton,D.D. andOlson,G.W., 1972. Depthto theapparent
watertablein 17 NewYork Soils from 1963to 1970.Cor-
nell Univ. Agric. Exp. Stn. N.Y. Food Life Sci. Bull. 13
(Agron2): 1—40.

Fryer, H.C., 1966. ConceptsandMethodsof Experimental
Statistics.Allyn andBacon,London.

Greweling,I. andPeech,M., 1965.Chemicalsoil tests.Cor-
nell Univ. Agric. Exp. Stn.Bull 960, Ithaca,NY.

Gundersen,P., 1991. Nitrogendepositionandthe forestni-
trogencycle: Role of denitrification.For. Ecol.Manage.,
44:15—28.

Henderson,G.S. andHarris,W.F., 1975.An ecosystemap-
proachto characterizationof thenitrogencyclein adeci-
duousforestwatershed.In: B. BernierandC.H. Winget
(Editors), ForestSoilsandForestLandManagement.Les
Pressesdel’Universite, Quebec,pp. 179—193.

Howard, P.J.A., 1965. Thecarbon—organicmatterfactor in
varioussoil types.Oikos, 15: 229—236.

Jansson,S.L., 1958. Tracerstudieson nitrogentransforma-
tions in soil with specialattentionto mineralization—im-
mobilizationrelationships.K. Lantbrukshoegsk.Anal., 24:
101—361.

413.
Likens, G.E., Bormann,F.H., Pierce,R.S., Eaton,J.S. and

Johnson,N.M., 1977.BiogeochemistryofaForestedEco-
system.Springer,NewYork.

Mead,D.J.andPritchett,W.L., 1975a.Fertilizermovement
in aslashpineecosystem.I. UptakeofN andPandN and
Pmovementin thesoil. PlantSoil,43: 451—465.

Mead,D.J.andPritchett,W.L., 1975b.Fertilizermovement
in a slash pine ecosystem.II. N distribution after two
growingseasons.PlantSoil, 43: 467—478.

Miller, H.G., 1981. Forestfertilization: Someguidingprin-
ciples.Forestry,54: 157—167.

Miller, H.G.,Miller, J.D.andPauline,0.J.L., 1976.Effectof
nitrogensupplyon nutrientuptakein Corsicanpine. J.
Appl. Ecol.,13: 955—966.

Mitchell, H.L. andChandler,R.F.,1939.Thenitrogennutri-
tion andgrowthof certaindeciduoustreesof northeast-
ernUnitedStates.BlackRockFor.Bull., 11:1—94.

Overrein,L., 1971a. Isotopestudieson theleachingofdiffer-
entformsofnitrogenin forestsoils.Medd.Nor.Skogsfor-
soeksves.,106: 335—351.

Overrein,L., 197lb. Isotopestudieson nitrogenin forestsoils.
I. Relativelossesof nitrogenthroughleachingduringa
periodof forty months.Medd. Nor. Skogsforsoeksves.,
114: 261—280.

Overrein,L., 1972.Isotopestudieson nitrogeninforestsoil.
II. Distributionandrecoveryof 15N-enrichedfertilizer ni-
trogenin a 40-monthlysimeterexperiment.Medd.Nor.
Skogsforsoeksves.,122: 307—324.

Raney,W.A., 1 960.Thedominantrole of nitrogenin leach-
ing lossesfromsoilsof humidregions.Agron.J., 52: 563—
566.

Ranney,R.W., 1969.Anorganiccarbon—organicmattercon-
versionequationfor Pennsylvaniasurfacesoils.Soil Sci.
Soc.Am. Proc.,33: 809—811.

Robertson,G.P.andTiedje,J.M., 1984. Denitrificationand
nitrousoxideproductionin successionalandold-growth
Michiganforests.Soil Sci.Soc.Am. J., 48: 383—389.

Safford, L.O., 1974. Effect of fertilization on biomassand
nutrient contentof fine roots in a beech—birch—maple
stand.PlantSoil, 40: 349—363.

Schlesinger,W.H., 1977. Carbonbudgetsin terrestrialdetri-
tus.Annu. Rev. Ecol.Syst., 8:51—81.

Schorger,A.W., 1955. The PassengerPigeon. University
Wisconsin,Madison.

Snedecor,G.W. andCochran,W.G., 1967. StatisticalMeth-
ods,6th edn. IowaStateUniversity,Ames.

Stanturf,J.A., 1983. Effectsof addednitrogenon treesand



l.A. StantuffEL. Stone/Eirest EcologyandManagenieni65(1994.)265—277 277

soil of deciduousforestsin southernNew York. Ph.D.
Thesis.Cornell University, Ithaca,NY.

Nt:inturf. JA. andStone,EL.. 1985.Measuringfertilizer re-
sponsein mixed specieshardwoodstands.In: JO. Daw-
son mid KA. Majerus (Editors), Proc. Fifth Central
l-Iardwood ForestConf. 15—17 April 1985, Department
Forestry,University of Illinois, Urbana-Champaign.IL.
pp. 78—89.

Nianturt, iA.. Stone.EL.. andMcKittrick, R.C.. 1989.Ef-
eelsof addednitrogenon growth of hardwoodtreesin

souiherii NewYork. (Tan.j. For. Res.. 19: 279—284.
Stone,.Ir.. F. F.. 975.Wi ndthrowinfluenceon spatialheter-

~CiiCi1V iii d 101CM SIlO. IVIILI. L1U~CIi. s~IJ~L. I IU.~II. II.I~

suehsansi.,51: 77—87.
‘~tooe FL. andKszystvniak.R., 1977. Conservationof

tasslumin thePIOUS resinosaecosystem.Science,198:
lO2~ 94.

Nwil,ci. (LL. sodNelson.LE., 1972.Nutrient accumulation
.iot cycling in lohlollv pine (Pinus toeda L.) plantation
e~\Sie0iSlhe first twentyyears.Soil Sci. Soc.Am. Proc..
I~. 45 .17

I ooro. I ).. 1971. Primaryproductionandturnover in a
59110C mi L’5I ecosystemwith controllednutrientstatus(A
‘,weil ish I It I’ project). 11. The experimentat Strasan,

Svardsjo.andsomeremarkson the valueof so-calledop-
timum nutrition experiments.Bull. Ecol. Res. Comm.
Stockholm.14: 127—145.

Terman,G.L., 1977. Quantitativerelationshipsamongnu-
trientsleachedfrom soils. Soil Sci. Soc.Am. J., 41: 935—
940.

Tschaplinski,T.J., Johnson,D.W.. Norby, R.J. andTodd.
DE., 1991. Biomassandsoil nitrogenrelationshipsof ~
one-yearold sycamoreplantation.Soil Sci. Soc. Am. J.,
55: 841—847.

Ulrich, B., 1976.Fateof appliednutrientsin forest ecosys-
tems. In: Proc. XVI IUFRO World Congress,Vol. 1.

IFRO Seciuwiat.Oslo,Nui was,pp. ‘~“ ‘‘~

VanMiegroet,H. andCole.D.W., 1984.Theimpactofnitri-
fication on soil acidificationandcationleachingin ared
alderecosystem.J.Environ.Qual., 13: 586—590.

Wollum, A.G. and Davey,C.B., 1975.Nitrogen accumula-
tion, transformation,andtransportin forest soils. In: B.
BernierandC.H. Winget (Editors),ForestSoilsandFor-
est LandManagement.LesPressesdeI’Universite,Que-
bec,pp. 67—108.

Young, W.R., 1981. Effect of different treespecieson soil
propertiesin centralNewYork. M.S.Thesis,Cornell Uni-
versity, Ithaca,NY.



Submission of manuscripts.
The preferred mediumof submission is on disk with accompanyingmanuscript(see‘Electronic manuscripts”below).
Manuscriptsshould besubmitted in triplicatewith the disk. Authorsfrom the Americas,Australia, New Zealandandthe Pacific
ir requestedto sendtheir manuscriptsto ForestEcologyand Management,Dr. RichardF. Fisher,Departmentof Forest
Science,TexasA&M University, CollegeStation,TX77843-2135, USA; all otherauthorsarerequestedto sendtheir manuscripts
to the Editorial Office. ForestEcologyandManagement,P.O. Box 181,1000 AD Amsterdam,TheNetherlands.

Authors in Japan please note: if you would like information abouthow to havethe English of your paperchecked,corrected
andimproved(beforesubmission).pleasecontactourTokyo office who will inform you of the servicesprovidedby languagecor-
rectors:ElsevierScienceJapan,20-12Yushima3-chome,Bunkyo-ku,Tokyo 113; tel. (03)-3833-3821;fax (03)-3836-3064.

All questionsarising afteracceptanceof the manuscript,especiallythoserelating to proofs, should be directedto Elsevier
Fditori I Services,Mayfield House,256 BanburyRoad. Oxford0X2 7DH, UK, tel. (+44-865)54252,fax (+44-865) 516120or
.j 472.

Electronicmanuscripts:Electronic manuscriptshave the advantagetnat tnereisno eed-for’1hwrekeyiri~—of-’tex,—thereby——--—
avoidingthepossibility of introducingerrorsandresultingin reliableandfastdelivery of proofs.
If ic preferredstoragemediumis a 5.25or3.5 inch disk in MS-DOS format, althoughothersystemsarewelcome,e.g., NECand
Macintosh(in this case,saveyour tile in the usualmanner,do not usetheoption ‘save in MS-DOS format’). Pleasedo notsplit
tile article into separatetiles (title pageas onefile, text as another,etc.).Ensurethatthe letter ‘I anddigit 1’ (alsoletter ‘0 and
Oqit 0) have beenusedproperly, and structureyour article (tabs, indents,etc.) consistently.Charactersnot availableon your
wordprocessor(Greekletters,mathematicalsymbols,etc.) should not be left openbut indicatedby a uniquecode(e.g. gralpha,
rt. ii, etc , for theGreekletteru). Suchcodesshouldbe usedconsistentlythroughoutthe entiretext. Pleasemakea list of such
elm. andprovide a key. Do not allow your wordprocessorto introduceword splits anddo not usea )ustified’ layout. Please

adhere strictly to the generalinstructionson style/arrangementand, in particular, the referencestyle of thejournal. It is very
Oloilarlt that you save your file in the wordprocessorformat. If your wordprocessorfeaturesthe option to savefiles “in flat

II pleasedo not useit. Formatyourdiskcorrectlyandensurethatonly therelevantfile (onecompletearticleonly) is on the
l’r~ Al o specifythe type of computerandwordprocessingpackageusedand label the disk with your nameandthe nameof
lhe tile r,n thedisk. Aher final acceptance, your disk plus one, final, printedandexactlymatchingversion(as a printout) should.
iso l.iitrrnltted toritother to the acceptingeditor. It is importantthat the file ondisk and the printoutare identical. Both will then
Pe forwardedby theeditor to Elsevier.FurtherinformationmaybeobtainedfromthePublisher.

AdvertisingInformation: Advertisingordersandenquiriesmaybesentto: ElsevierScienceBy., Advertising Department.P.O.
In,~ ii 1000 AL Amsterdam.The Netherlands,tel. (+31-20) 5153220,fax (+31-20) 6833041.In the UK: TG Scott& Son Ltd.,
ath (iii blake/VanossaBird, PortlandHouse,21 NarboroughRd., Cosby, Leicestershire,LE9 STA, UK, tel. (0533)753333,fax
lO,,lil /~tl

1~Y In the USA and Canada:WestonMedia Associates,attn. Daniel Lipner, P.O. Box 1110, GreensFarms,CT
OnI II It tO USA, tel. (203) 2612500,fax (203) 2610101.

For a full and complete Guide for Authors, please refer to Forest Ecology and
Management, Vol. 62, Nos. 1—4, pp. 361—365

11194. ElsevierScienceBy. All rights reserved, 0378-1127/94/$07.00

N ~ of this publicationmaybereproduced,storedin a retrievalsystem,or transmittedin anyformor by anymeans,electron-
mechanical,photocopying,recordingor otherwise,withoutthe prior written permissionof thepublisher,ElsevierScienceBy.,

(:orryriqhtandPermissionsDepartment,P.O. Box 521, 1000 AM Amsterdam,TheNetherlands.
Ni responsibilityis assumedby the Publisherfor any injury and/ordamageto personsor property asamatterof productsliabili-
ty negligenceor otherwise,or from anyuseor operationof anymethods,products,instructionsor ideascontainedin themateri-
al herein,
Although all advertisingmaterial is expectedto conformto ethical (medical)standards,inclusion in this publicationdoesnot con-
tilnle aguaranteeor endorsementof thequality or valueof suchproductor of the claimsmadeof it by its manufacturer.

Ills lournal is printedon acid-freepaper.

Printed in TheNetherlands



LANDSCAPE AND
URBAN PLANNING
An InternationalJournalof LandscapeEcology,

LandscapePlanningand Landscapedesign

Editor-in-Chief:
J.E. Rodiek, College olArchitecture, Texas A & M University, College Station, TX 77843-3137, USA

AIMS ANI) SCOPE
A journalconcernedwith

conceptual,scientificand
designapproaches10 land
use.By emphasizing
ecologicalunderstandingand
amulti-disciplinaryapproach
to analysisandplanningand
design,it attemptsto draw
attentionto theinterrelated
natureof problemsposedby
natureandhumanuseof
land. In addition,papers
dealingwith ecological
processesandinteractions
within urbanareas,and
betweentheseareasandthe
surroundingnaturalsystems
whichsupportthem,will be
considered.Papersin which
specificproblemsare
examinedarewelcome.
Topicsmight includebut are
not limited to landscape
ecology,landscapeplanning
andlandscapedesign.
Landscapeecologyexamines
how heterogeneous
combinationsof ecosystems
arestructured,howthey
functionandhow they
change.Landscapeplanning
examinesthe variousways
humansstructuretheir land
usechanges.Landscape
designinvolvesthephysical
strategiesandformsby which
land usechangeis actually
directed.Landscapeand
Urban Planning is basedon

thepremisethatresearch
linked to practicewill
ultimately improvethehuman
madelandscape

Editorial AdvisoryBoard:
1.0.Bishop, Parkville, Vic., Australia,
E.G.Bolen. Wilmington. NC, USA,
1.0.Bruns, Schorndorf,Germany
J.B. Byrom, Edinburgh, UK,
T.C. Daniel, Tucson, AZ, USA,
R.M. DeGreaf,Amherst,MA, USA,
4.0. Fabos.Amherst,MA, USA,
S. GonzalezAlonso.Madrid, Spain
M. Hough,Etobicoke,ON,Canada,
P.Jacobs,Montreai, P0. Canada,
OS.Jones,Melbourne,Vic,, Australia,
H. Lavery, Milton, Old., Australia,
W.M. Marsh, Flint, Ml, USA
0.1. Mitchell, Dallas, TX, USA,
0.0.Morrison,Athens,GA, USA,
J.l.Nassauer,St. Paul, MiV, USA,
M. Nelischer. Guelph,ON, Canada,
0.0.Paterson,Vancouver,BC, Canada,
A. Ramos,Madrid, Spain,
P.Shepard.Claremont,CA, USA,
OR. Skage.Alnarp, Sweden,
R.C.Smardon,Syracuse, NY, USA,
G. Sorte,Alnarp, Sweden,
F. Stearns,Rhinelander,WI, USA,

ELSEVIER
SCIENCEPUBLISHERS

R.c.Szaro,Washington,DC, USA,
J.W.Thomas,La Grande,OR, USA,
P.J.Trowbridge,Ithaca, NY,USA,
T.H.D. Turner, London,UK,
M.J. Vroom, Wageningen.
The Netherlands,
W.V. Wendler, College Ste//on, TX,
USA,
8.-E.Yang. Seoul, Korea,
E.H. Zube,Tucson, AZ, USA

ABSTRACTED/INDEXED IN
Applied EcologyAbstracts,
Biological Abstracts,
CurrentContentsB & 5,
EnvironmentalPeriodicals
Bibliography,Geobase,
GeographicalAbstracts,
LandSearch.

Elsevier5ciencePubliatrera,
P.O. Ocx 211, l000AEAmsterdari,
The Netherlands
Faa: (02015803203

Customersin Ore (iSA and Canada:
Elsevier Science Pubtiahers
P.O. Box 945, MadisonSquareStation,
NewYork, NY 10160-0757,USA
Fax: 121 2l 633-3880
The Thud, O.,ild~ eice qooind arxu,es wu~idmride, eocwlur An
A,nencas(No,n, Germ ta,rd5ou,ir,A,rra,jcat. The ij5Odia
prdeqrmornda~ier,~, AnAme,icus n.riy. Non VAT reaioinrer~
nuoloorers in Ce European Communiry uhooiri add lire
appropriale VaT rain applicabli in Cci, noorrlry to Cemice.

1994 SUBSCRIPTIONDATA

Volumes 28-30 (in 9 issues)
Subscriptionprice:

OfI. 1080.001US$584.00)
mci. Postage

ISSN 0169-2046


